We investigated how male cricket frogs, Acris crepitans, alter their advertisement calls in response to broadcasts of synthetic calls that were either 'attractive' or 'aggressive'. The stimulus calls differed in temporal but not spectral characteristics. Male cricket frogs produced a more aggressive call when presented with the aggressive stimulus, indicating that they perceived the temporal differences between the two call categories. The direction and degree of temporal and spectral changes depended on the relative dominant frequency of the resident and opponent. If the resident's dominant frequency was initially higher than the stimulus frequency, the pattern of change in dominant frequency mirrored that seen for the temporal call characters. In contrast, if the resident's initial dominant frequency was below that of the stimulus, then the temporal and spectral changes were in opposite directions. Furthermore, stimulus order influenced whether males responded differently to playbacks of aggressive and attractive calls; males that received the aggressive call first produced more aggressive calls during the aggressive stimulus, while males that received the attractive call first produced similar calls in response to the two stimuli. This suggests that experience with different types of signals influences the subsequent calling behaviour of male cricket frogs.
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Most frogs use vocalizations to synchronize reproductive behaviour between males and females (Gerhardt 1988) and to mediate social interaction between males (Wells 1977; Brenowitz et al. 1984; Robertson 1984; Rand 1988; Wilczynki & Brenowitz 1988; Ryan 1991 (Enquist 1985; Wells 1988) . Such a mapping of a continuous signal onto a continuous condition (i.e. motivation) has the potential to increase the information content of the signal compared with categorical, or discrete, signals (Bradbury & Vehrencamp 1998) . However, as Green & Marler (1979) pointed out, the disadvantages of a graded system would be enormous unless some error-reducing procedure was employed, such as a high degree of redundancy. In fact, the changes in graded signals are often multidimensional. It is not clear, however, whether these multiple, simultaneous changes represent separate signalling components, redundant components, or whether some changes have no signal function at all. By understanding how the different elements of a graded signal function to trigger changes in a receiver, we might learn more about the structure-function relationship of graded signals in particular, and the signalling function of communication systems in general.
Another important aspect of signal-receiver interactions is how experience with different types of signals influences the subsequent calling behaviour of an individual. Within a chorus, males may be site specific (Perrill & Shepherd 1989) , but calling site and local competition can be quite dynamic, changing within a single night. One might expect behavioural plasticity with such a dynamic social environment. For example, the aggressive threshold of male treefrogs changes rapidly (within minutes) depending on the call amplitude of a focal male's neighbours (Brenowitz & Rose 1994) . Similarly, while calling undisturbed in a chorus, male cricket frogs produce calls that are more aggressive when neighbour amplitude is high (Wagner 1989a). Furthermore,
